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[57] ABSTRACT 

A liquid crystal display includes a matrix array of liquid 
crystal pixels, data lines formed along columns of the pixels. 
TFTs assigned to the pixels for causing the data lines to be 
electrically connected to the pixels of a selected row, and a 
data line driver which drives the data lines and has a first 
video bus for transmitting analog pixel signals of the posi- 
tive polarity for the pixels of one of odd and even columns 
in a selected row, a second video bus for transmitting analog 
pixel signals of the negative polarity for the pixels of the 
other one of the odd and even columns in the selected row, 
sample -hold units each assigned to adjacent two of the data 
lines to simultaneously sample-hold the pixel signals on the 
first and second video buses, and a shift register circuit for 
enabling the operations of the sample-hold units sequen- 
tially. Particularly, each sample-hold unit has a first switch 
circuit for causing the first and second video buses to he 
connected to one of the adjacent two data lines and the other 
one of the adjacent two data lines, and a second switch 
circuit for causing the first and second video buses to be 
connected to the other one of the adjacent two data lines and 
the one of the adjacent two data lines, and the shift register 
circuit has a logic circuit for periodically switching between 
the first and second switch circuits of each sample-hold unit. 

17 Claims, 9 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY problem. If the polarity of the pixe] signal voltage is 

reversed in the same manner for all the pixel electrodes 

BACKGROUND OF THE INVENTION during the frame period, this causes generation of llickcrs 

which deteriorate the image quality. To reduce the flickers. 

The present invention relates to a flat-panel display used ^ ^here is used a drive method of driving adjacent columns of 

as an image monitor for a computer and a television receiver the pixel electrodes by the pixel signal voltages of the 

and particularly to a liquid crystal display driven by a signal different polarities. For example, for a certain frame period, 

voltage whose polarity is periodically reversed: pixel signal voltages of the negative polarity arc applied to 

In recent years, liquid crystal displays have been widely the pixel electrodes connected to the even-numbered signal 

used in views of merits of thickness, light weight, and low lines, and signal voltages of the positive polarity are applied 

power consumption. The liquid crystal display has a struc- to the pixel electrodes connected to the odd-numbered signal 

ture in which a liquid crystal layer is held between an array lines. For a next frame period, pixel signal voltages of the 

substrate and a counter substrate. Each of the array substrate negative polarity are apphcd to the pixel electrodes con- 

and the counter substrate, for example, has a light transmit- nccted to the odd-numbered signal lines, and pixel signal 

ting and insulating property, and the liquid crystal layer is ^5 voltages of the positive polarity are applied to the pixel 

made of liquid crystal composition filled into a gap between electrodes connected to the even-numbered signal lines, 

the array subsU-ale and the counter substrate. The array There is also known a drive method of further driving 

substrate comprises a matrix array of pixel electrodes, a adjacent rows of the pixel electrodes by pixel signal vohages 

plurality of scanning lines formed along columns of the of the different polarities. For each frame period, pixel signal 

pixel electrodes, a plurality of signal lines formed along 20 voltages of the positive polarity are applied lo the odd rows 

rows of the pixel electrode, and a first alignment film of the pixel electrodes connected to the odd-numbered signal 

covering the entire matrix array of pixel electrodes. The lines, and the even rows of the pixel elecu-odes connected to 

.scanning lines serve to select the corresponding rows of the the even- numbered signal lines. Moreover, pixel signal 

pixel electrodes, and the signal lines serve to apply pixel voltages of the negative polarity are applied to the odd rows 

electrode signal voltages to the pixel electrodes of the 25 of the pixel electrodes connected to the even-numbered 

.selected row. The counter .substrate has a counter electrode signal lines, and the even rows of the pixel electrodes 

facing the matrix array of pixel electrodes, and a second connected to the odd -numbered signal lines, 

alignment film covering the entire counter electrode. The With this drive method, the polarity of the pixel signal 

first and second alignment films are provided for causing voltage is reversed for each of the pixel electrodes arranged 

liquid crystal molecules of the liqtiid crystal layer to be set 3^ two-dimensionally on the liquid crystal display screen. As a 

in a twisted nematic (TN) alignment when no potential result, the flickers can be prevented from being visually 

difference exists between the pixel electrode and the counter recognized easily. 

electrode. When light is incident to the liquid crystal layer However, a voltage of about ±5 V is normally needed to 

from one substrate side through a polarizing plate, light control the liquid crystal. Due to this, it is necessary for a 

rotates along the twist of the liquid crystal molecules aligned 35 sig^a] line driver to have a driving ability which can obtain 

in the thickness direction of the hquid crystal layer, so as to ^ sufficient voltage accuracy in a large output dynamic range 

be guided to the other substrate, and selectively transmitted of 10 V. This causes an increase in power consumed by the 

through a polarizing plate. If a potential difference is pro- liquid crystal display, 
vided between the pixel electrode and the counter electrode, 

the molecules are tilted up by an angle, which is proportional « ^^^^^ SUMMARY OF THE INVENTION 

to the potential difference, from the plane parallel to the An object of the present invention is to provide a liquid 

substrate surface where an image is displayed. As a result, crystal display capable of reducing power consumption 

light transmitlance is changed. while maintaining an excellent display quality. 

In an active matrix hquid crystal display, a plurality of According to the first aspect of the present invention, 
thin film transistors (TFT) are respectively formed near 45 there is provided a liquid crystal display which comprises a 
intersections of the scanning lines (or gate lines) and the matrix array of pixels to be selected for each row, a plurality 
signal line (or data lines), and each used as a switching of signal lines connected to the pixels of a selected row, a 
element for selectively driving the corresponding pixel plurality of D/A converters, arranged to correspond to the 
electrode. Each TFT has a gate connected to one scanning signal lines, for converting digital pixel signals externally 
line, and a source-drain path connected between one signal 50 supplied for the pixels of the selected row into analog pixel 
line and one pixel elecU-odc. The TFT is turned on in signals, an amplifying section for amplifying the pixel 
response to a rise of a scanning pulse from the scanning line, signals obtained from the D/A converters, and a .switch 
and supplies the pixel signal voltage to the pixel electrode section for outputting the pixel signals obtained from the 
from the signal line. The pixel elecUrode and the counter amplifying section to the signal lines, 
electrode are associated with the liquid crystal layer to 55 The amplifying section has groups of first and second 
constitute a liquid crystal capacitance to be charged accord- amplifying circuits each for amplifying the pixel signals 
ing to the potential difference between these electrodes. This obtained from adjacent two of the D/A converters in the 
potential diJfference is maintained by the liquid crystal opposite polarities. The first amplifying circuit is connected 
capacitance even after the TFT is turned off in response to to a positive power source to amplify the pixel signal in the 
a fall of the scanning pulse. go positive polarity, and the second amplifying circuit is con- 
In a case where the electric field is kept in the same nectcd to a negative power source to amplify the pixel signal 
direction, materials other than the liquid crystal tend to in the negative polarity. The switch section has groups of 
gather one electrode side, thereby causing the life of the switch circuits each for causing two of the signal lines to be 
liquid crystal layer to be shortened. Conventionally, a tech- exchanged and output the pixel signals obtained from the 
nique of reversing the polarity of the pixel signal voltage 65 first and second amplifying circuits. 

with respect to the potential of the counter electrode every According to the display constituted as mentioned above, 

one frame period, for example, is known as a solution of the since each amplifying circuit is operated in a single polarity. 
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power consuraptioo can be reduced. The D/A converters 
perform the digital-analog conversion without changing the 
polarity, accuracy of the conversion can be improved. 
Moreover, each set of the D/A converter and the amplifying 
circuit is used in common for adjacent two signal lines. 
Therefore, the circuitry size can be reduced. 

According to the second aspect of the present invention, 
there is provided a liquid crystal display which comprises a 
matrix array of pixels to be selected for each row, a plurality 
of signal lines connected to the pixels of a selected row, a 
first video bus for transmitting an analog pixel signal of the 
positive polarity assigned to one of odd and even columns of 
the pixels present in the selected row, a second video btis for 
transmitting an analog pixel signal of the negative polarity 
assigned to the other one of the odd and even columns of the 
pixels present in the selected row, and groups of sample-hold 
circuits, arranged to correspond to the signal lines, for 
sequentially sample-holding the pixel signals transmitted by 
the first and second video buses. The sample-hold circuits of 
each group have a first switch circuit for causing the first and 
second video buses to be connected to one of adjacent two 
signal lines and the other of the adjacent two signal lines, 
and a second switch circuit for causing the first and second 
video buses to be connected to the other of the adjacent two 
signal lines and the one of the adjacent two signal lines. The 
first and second switch circuits are selectively turned on to 
simultaneously sample-hold the pixel signals transmitted by 
the first and second video buses and causing the two signal 
lines to be exchanged and output the pixel signals, respec- 
tively. 

According to the display constituted as mentioned above, 
when the liquid crystal display is used to display a color 
image, the first and second video buses are used in common 
for color pixels (R-G, G-B, B-R) adjacent to each other in 
rows. Since each video bus transmits the pixel signal of a 
single polarity, power consumed due to the parasitic capaci- 
tance of the video bus can be reduced. Moreover, the 
adjacent signal lines can be driven by only these video 
buses. Such a decrease in the number of video buses enables 
to reduce the circuitry size. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a circuit diagram of an active matrix liquid 
crystal display according to a first embodiment of the 
present invention; 

FIG. 2 is a circuit diagram showing a main structure of a 
data line driver shown in FIG. 1; 

FIG. 3 is a circuit diagram for explaining a modification 
of the data line driver shown in FIG. 1; 

FIG. 4 is a circuit diagram of an active matrix liquid 
crystal display according to a second embodiment of the 
present invention; 

FIG. 5 is a circuit diagram for explaining a first modifi- 
cation of the data line driver shown in FIG. 4; 

FIG. 6 is a circuit diagram for explaining a second 
modification nf the data line driver shown in FIG. 1; 

FIG. 7 is a circuit diagram for explaining a third modi- 
fication of the data line driver shown in FIG. 4; 

FIG. 8 is a circuit diagram showing D/A converters shown 
in FIG. 7 along with their peripheral circuits, in detail; 

FIG. 9 is a circuit diagram for explaining a fourth modi- 
fication in which the data line driver shown in FIG. 7 is 
applied to a color display; and 

FIG. 10 is a view showing pixel data streams to be 
supplied to the data fine driver shown in FIG. 9. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

An active matrix liquid crystal display according to one 
embodiment of the present invention will now be described 
with reference to the accompanying drawings. 

FIG. 1 is a circuit diagram of the liquid crystal display. 
The liquid crystal display comprises a gate hne driver L a 
data line driver 2, and a liquid crystal panel 3L The fiquid 
crystal panel 31 has an array substrate and a counter 
substrate, each having a light transmitting property, and a 
hquid crystal layer which is held by the array and counter 
substrates and made of Uquid crystal composition filled in 
the gap therebetween. Tlie array substrate has a glass 
substrate, a matrix array of nxm pixel electrodes 11 formed 
on the glass substrate, n gate lines Yl to Yn formed along 
rows of the pixel electrodes 11, m data, lines XI to Xm 
formed along columns of the pixel electrodes 11, nxm thin 
film transistors (TFT) 12 formed near intersections of the 
gate lines Yl to Yn and the data lines XI to Xm as .switching 
elements, and a first alignment film covering the entire 
matrix array of the pixel electrodes 20. The counter substrate 
has a glass substrate, a light shielding film formed to mask 
an area surrounding each pixel electrode 11, a color filter for 
filtering light to selectively transmit color components of 
red, green, and blue, a counter electrode 13 opposing to the 
matrix array of pixel electrodes 11, and a second alignment 
film covering the entire counter electrode 22. The first and 
second alignment films are provided for causing liquid 
crystal molecules to be set in a twisted nemalic (TN) 
alignment when no potential difference exists between the 
pixel electrode 11 and the counter electrode 13. Each TFT 12 
has a gate connected to one of the gate lines Yl to Yn, and 
a source-drain path connected between one of the data lines 
XI to Xm and one of the pixel electrodes 11. Each pixel 
electrode 11 is associated with the counter electrode 13 and 
the liquid crystal layer to constitute a liquid crystal capaci- 
tance CLC. TWo polarizing plates are adhered onto the outer 
surfaces of the array and counter substrates to be right angles 

^ with each other. The gate line driver 1 and the data line 
driver 2 are located outside the matrix array of the pixel 
electrodes 11 in the glass surface of the array substrate. 

The gate line driver 1 is controlled by control signals 
supplied from an external liquid crystal controller to perform 

45 an operation of sequentially driving the gate lines Yl to Yn 
in each frame period. The control signals for the gate line 
driver 1 include a vertical start signal STV to be generated 
every one frame period and a vertical clock signal CPV to 
be generated every one horizontal scanning period. The 

50 operation of the gate line driver 1 is performed by use of a 
shift register circuit which shifts the vertical start signal STV 
in synchronism with the vertical clock signal CPV. 

The data line driver 2 is controlled by control signals 
supplied from the external liquid crystal controller to per- 

55 form an operation of sequentially driving the data lines XI 
to Xn in each horizontal scanning period. The control signals 
for the data fine driver 2 include a horizontal start signal 
STH to be generated every one horizontal scanning period, 
a digital video signal constituted by series items of pixel data 

60 DATA to be generated every one horizontal scanning period, 
a horizontal clock signal CPH to be generated for each pixel 
data DATA, and frame signals Fl and F2. The data line 
driver 2 comprises b shift register circuit 33, m D/A con- 
verters 34. m/2 first amplifying circuits 35. m/2 second 

65 amplifying circuits 36, and m/2 analog switches 37. 

The shift register circuit 33 perfurms a serial -parallel 
conversion of pixel data DATA by shifting the htirizontal 
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Start signal STH in synchronism with the horizontal clock 
signal CPH, latching pixel data DATA of a video signal at 
the time when the horizontal start signal STH is shifted, and 
outputting the pixel data DATA to the D/A converter 34 
corresponding to the shift position of the horizontal start 
signal STH. The m D/A converters 34 are arranged to 
correspond to the data line XI to Xm, and sample-hold pixel 
data DATA supplied from the shift register circuit 33 to 
convert each pixel data DATA to an analog pixel signal. The 
m/2 amplifying circuits 35 are connected commonly to a 
positive power line +V, and amplify the pixel signals from 
the odd-numbered D/A converters 34 in the positive polarity. 
The my2 second amplifying circuits 36 are connected com- 
monly to a negative power line -V, and amplify the pixel 
signals from the even-numbered D/A converters 34 in the 
negative polarity. In other words, the pixel signals from the 
adjacent two D/A converters 34 are amplified by the ampli- 
fying circuits 35 and 36 in the opposite polarities. The m/2 
analog switches 37 are connected to the m/2 amplifying 
circuits 35 and 36. Each analog switch 37 is controlled by 
frame signals Fl and F2 supplied from the external liquid 
crystal controller, and supplies the pixel signals of the 
opposite polarities obtained from the amplifying circuits 35 
and 36 of the corresponding group, to the adjacent two data 
lines, alternatively. 

More specifically, the frame signal Fl is set to be in a high 
level for a preceding frame period of two continuous frame 
periods, and lo be in a low level for a following frame period 
of the two frame periods. The frame signal F2 is set to be in 
a low level for the preceding frame period of the two 
continuous frame periods, and to be in a high level for the 
following frame period of the two frame periods. Each 
analog switch 37 comprises first to fourth switching ele- 
ments 37A lo 37D. TTae first switching element 37A is 
connected between one first amplifying circuit 35 and one 
odd-numbered data line. The second switching element 37B 
is connected between one second amplifying circuit 36 and 
the odd-numbered data line. The third switching element 
37 C is connected between the second amplifying circuit 36 
and one even-numbered data line. The fourth switching 
element 37D is connected between the first amplifying 
circuit 35 and the even- numbered data line. The switching 
elements 37A and 37C cause the amplifying circuits 35 and 
36 to be electrically connected to the odd-numbered data 
hne and the even-numbered data line when the frame signal 
Fl is in a high level, and to be electrically disconnected from 
the odd-numbered data line and the even-numbered data line 
when the frame signal Fl is in a low level. The switching 
elements 37B and 37D cause the amplifying circuits 36 and 
35 to be electrically connected to the odd-number data line 
and the even-numbered data line when the frame signal F2 
is in a high level, and to be electrically disconnected from 
the odd -numbered data line and the even-numbered data line 
when the frame signal F2 is in a low level. To correctly 
assign pixel signals to the pixels arranged in rows, the 
external liquid crystal controller has a memory for storing 
series items of pixel data to be supplied to the shift register 
circuit 33, and reverses the order of every two adjacent pixel 
data items the preceding or following frame period. 

In the preceding frame period, pixel signals of the positive 
polarity are output from the m/2 first amplifying circuits 35 
to the data lines XI, X3, X5 . . . , and pixel signals of the 
negative polarity are output from the m/2 second ampUfying 
circuits 36 to the data lines X2, X4, X6, X8 .... In the 
following frame period, pixel signals of the negative polarity 
are output from the second amplifying circuit 36 to the data 
lines XI, X3, X5, . . . , and pixel signals of the positive 
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polarity are output from the first amplifying circuit 35 to the 
data lines X2, X4, X6, . . . . The destination of the pixel 
signals of the positive and negative polarities is changed 
between the pair of the data lines XI and X2, the pair of the 

5 data lines X3 and X4, and the pair of the data lines X5 and 
X6 every one frame period. In other words, the pair of the 
data lines XI and X2, the pair of the data lines X3 and X4, 
and the pair of the data lines X5 and X6 are driven in a V-line 
reverse manner by the pixel signals of the positive and 

IQ negative polarities which are reversed every one frame 
period. 

FIG. 2 shows the main structure of the data line driver 2 
shown in FIG. 1. Input terminals INI and IN2 are connected 
to receive the pixel signals supplied from the adjaceni two 

j5 D/A converters 34. The first amplifying circuit 35 comprises 
a diflferential amplifier 38, an N-channel transistor 39, and a 
constant current source 40. The drain of the transistor 39 is 
connected lo a positive power line +V, and the source thereof 
is connected to a power line +V' through the constant current 

20 source 40. The source output of the transistor 39 is fed back 
to the diflferential amplifier 38. On the other hand, the second 
amplifying circuit 36 comprises a differential amplifier 41, 
a P-channel transistor 42, and a constant current source 43. 
The drain of the transistor 42 is connected lo a negative 

25 power line -V, and the source thereof is connected to a 
power line -V through the constant current source 43. The 
source output of the transistor 42 is fed back to the differ- 
ential amplifier 41. Regarding the labels such as "+V" and 
"-V", the potential polarities are not determined directly 

30 from the ground potential, and determined from a reference 
potential depending on the center level between the power 
line potentials. Actually, the power line potentials are set to 
+V«10 Y -V=5 V, +V'=5 V, and -V=0 V. According to the 
above-mentioned structure, the first amplifying circuit 35 

35 amplifies the pixel signal input from the input terminal INl 
and outputs the pixel signal whose polarity is positive with 
respect to the reference potential. The second amplifying 
circuit 36 amplifies the pixel signal input from the input 
terminal IN2 and outputs the pixel signal whose polarity is 

40 negative with respect to the reference potential. 

The analog switch 37 comprises P-channel transistors 44, 
45 and N-channel transistors 46 and 47, which are formed as 
switching elements 37A, 37D, 37B, and 37C, respectively. 
The gate of the transistor 44 is connected to a terminal SWl 

45 which receives an inverted signal (or Fl) of the frame signal 
Fl. The gate of the transistor 45 is connected to a terminal 
SW2 which receives an inverted signal (or Fl) of the frame 
signal F2. The gate of the transistor 46 is connected to a 
terminal SW3 which receives the frame signal F2. The gate 

50 of the transistor 47 is connected to a terminal SW4 which 
receives the frame signal F2. For the frame period in which 
the frame signal Fl is set to be in a high level and the frame 
signal F2 is set to be in a low level, the P-channel transistor 
44 and the N-channel transistor 47 are turned on, and the 

55 P-channcl transistor 45 and the N-channel transistor 46 are 
turned off. At this time, the pixel signal from the first 
amplifying circuit 35 is output to the odd-numbered data line 
through the output terminal SI. The output signal of the 
second amplifying circuit 36 is output to the even- numbered 

60 data line through the output terminal S2. 

On the other hand, for the frame period in which the frame 
signal Fl is set to be in a low level and the frame signal F2 
is set to be a high level, the P-channel transistor 45 and the 
N-channel transistor 46 are turned on, and the P-channel 

65 transistor 44 and the N-channel transistor 47 are turned oft'. 
At this time, the pixel signal from the firsl amplifying circuit 
35 is output to the even-numbered data line through the 
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output terminal S2. The output signal of the second ampli- start signal STH is supplied to registers 48 and 49 in a 

fying circuit 36 is output to the odd-numbered data line forward or opposite order through logic gates 50 to 55 

through the output terminal SI. controlled by the frame signals Fl and F2. 

According to the above-explained embodiment, the pixel por the preceding period in which the frame signal Fl is 
signals output from the first amplifying circuits 35 are 5 set to be in a high level and the frame signal F2 is set to be 

always set to have the positive polarity. The pixel signals -^^ ^ i^vd, the AND gates 50, 53, and 56 are opened, and 

output from the first amplifying circuits 36 are always set to ^g,, 54^ 57 ^lo^g^ ^ a ^^.^^H^ 

have the negative polarity Due to this the dynamic ranges horizontal start signal STH is supplied to the register 48 

of the amphfymg circuits 35 and 36 can be determined based 52 ^ 

on the necessary liquid crystal dnve voltage without con- ^.e register 48 is directly supplied to a latch 59 on one hand, 

sidenng the reversion of the voltage polarity. As a result, j . • . An .u u .u Avn-i , j .u r^n 

electrical power can be prevented from be wastefuUy con- ^^^^^e register 49 through the AND gate 53 and the OR 

sumed by the amplifying circuits. Moreover, each D/A g^^^ f hand Thereby, the honzontal start 

converter 34 may generate a voltage in that one of the ^^g^^l STH is transferred to the registers 48, 49, . . . in this 

positive and negative polarities which conform to the volt- ^rdtj, in synchronism with the horizontal clock signal CPH. 

age polarity of the pixel signal output from the con-espond- l^^tches 59, 60, . . . latch pixel data DATA on data buses 

ing amplifying circuit 35 or 36. As a result, the accuracy of Dl . . . Dn at timing when the honzontal start signal STH is 

the D/A conversion can be improved as reducing the power held and output by the respective registers 48, 49, ... . Then, 

consumption the latched pixel data DATA are supplied to the correspond- 

The liquid crystal display of this embodiment may be ^"S D/A converters 34. 

constituted to perform an HV reverse drive in which the For the following period in which the frame signal Fl is 

voltage polarities of the pixel signals to be applied to the set to be in a low level and the frame signal F2 is set to be 

data lines are additionally reversed every row. In this case, a high level, the AND gates 51, 54, and 57 are opened, and 

the analog switches 37 may be controlled by signals which the AND gates 50, 53, and 56 are closed. As a result, the 

are reversed every one horizontal scanning period, in place horizontal start signal STH is suppUed to the register 49 
of the frame signals Fl and F2. In this driving form, the ^ through the AND gate 54 and the OR gate 55. The output of 

voltages applied to the liquid crystal pixels in adjacent rows the register 49 is directly supplied to the latch 60 on one 

and adjacent columns differ from each other. This increases hand, and to the register 48 through the AND gate 51 and the 

a spatial frequency, thereby further suppressing the image OR gate 52 on the other hand. Thereby, the horizontal start 

deterioration such as flickers and a line scroll. signal STH is transferred to the registers 49, 48, . . . in this 

Moreover, the transistors 44 to 47 shown in FIG. 2 may o^der. In other words, as compared with the preceding frame 

be formed of CMOS transistors. The transistors included in P^nod, the output order of the odd- and even-numbered 

the analog switch 37 and the amphfying circuits 35 and 36 registers is reversed. 

may be formed of thin film transistors (TFT), which are The operations of the D/A converters 34, the amplifying 
formed on the array substrate together with the thin film 3^ circuits 35 and 36. and the switches 37 are the same as the 

transistors allocated to the respective pixel electrodes 11. case of the first embodiment. 

These thin film transistor may be formed of well-known According to the above-mentioned modification, the pixel 

staggered type TFTs. In this case, each thin film transistor is signals of the positive and negative polarities are correctly 

obtained by forming a polycrystalline silicon layer of a allocated to the pixels arranged in rows without reversing 
predetermined shape on the glass substrate, forming a sili- ^ the order of pixel data items outside the display to perform 

con oxide film covering the entire surface of the polycrys- the polarity reverse drive. Therefore, the circuit required for 

lalline silicon layer and serving as a gale insulating film, reversinglheorderof the pixel data items outside the display 

forming a gate electrode united with the gate line Yl, can be efiminated. 

Y2, . . . , or Yn on the gale insulating film, and forming a An active matrix liquid crystal display according to the 

source electrode united with data line XI, X2, . . . , or Xm second embodiment of the present invention will be 

and a drain elecU-ode of the same layer as the source described with reference to FIG. 4. The liquid crystal display 

electrode, on the gate electrode via an interlayer insulating has substantially the same structure as that of the display 

film. Moreover, the shift register circuit 33 may be obtained shown in FIG. 1 except for the data line driver 2. In FIG. 4, 

by combining well-known flip- flop circuits having TFT the portions common to the first embodiment are shown by 

elements formed on the array substrate together with the thin the same reference numerals, and the explanation is omitted, 

film transistors 12 allocated to the pixel electrodes 11. -phe data line driver 2 shown in FIG. 4 performs a 

In the case where the transistors have a common structure serial-parallel conversion on analog pixel signals supplied 

in the liquid crystal display, the required number of manu- from the external liquid cryslal controller by use of sample- 

facturing steps is reduced. Therefore, it is possible to manu- hold circuits. In the data line driver 2, a shift register circuit 
facture the liquid crystal display with low cost. 55 63 has m registers connected in series such (hat the hori- 

A modification of the data line driver shown in FIG. 1 will zontal start signal STH is shifted in synchronism with Ihc 

be described with reference to FIG. 3: horizontal clock signal CPH. Register outputs Ql, 02, 

In the first embodiment, the order of every adjacent two Q3, . . . Qm arc connected to m sample-hold circuits 61 and 

pixel data items was reversed in the memory of the external 62 arranged to correspond to the data lines XI, X2, X3, . . 
liquid crystal controller to allocate the pixel signals to the 60 . Xm. These registers are connected to each other as shown 

pixels arranged in rows within the successive two frame in FIG. 3 such that the output order of the odd and cven- 

periods. Regarding the modification shown in FIG. 3, the numbered registers is reversed. 

shift register circuit 33 is structured such that the order of the In FIG. 4, 61 denotes m/2 odd-numbered sample-hold 

pixel data items to be supplied to every adjacent two D/A circuits, and 62 denotes m/2 even-numbered sample-hold 
converters 34 is reversed every one frame period. 65 circuits. The sample-hold circuits 61 are connected to a 

FIG. 3 specifically shows that pari of the data line driver video bus Vin+ which transmits an RGB analog video signal 

2 which drives the first and second data lines. The horizontal of the positive polarity, so as to sample-hold the analog 
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video signal in response to each horizontal star! signal from 
the register output terminals Ql, Q3, Q5, . . . , Qm-1 and 
supply them to the odd-numbered amplifying circuits 35 as 
pixel signals. The sample-hold circuits 62 are connected to 
a video bus Vin- which transmits an RGB analog video 5 
signal of the positive polarity, so as to sample-hold the 
analog video signal in response to each horizontal start 

signal from the register output terminals Q2, Q4. Q6 

Qm and supply them to the even-numbered amplifying 
circuits 36 as pixel signals. Tlie amplifying circuits 35 are 
connected commonly to the positive power line +V to 
amplify the pixel signals from the odd-numbered sample- 
hold circuits 61 in the positive polarity. The second ampli- 
fying circuits 36 are connected commonly to the negative 
power line -V to amplify the pixel signals from the even- 
numbered sample-hold circuits 62 in the negative polarity. In 
other words, the pixel signals from the adjacent two sample- 
hold circuits 61 and 62 are amplified by the amplifying 
circuits 35 and 36 in the opposite polarities. The m/2 analog 
switches 37 are, connected to m/2 groups of amplifying 
circuits 35 and 36. Each analog switches 37 are controlled 20 
by the external liquid crystal controller in the same manner 
as that of the first embodiment, so as to supply the pixel 
signals of the opposite polarities obtained from the ampli- 
fying circuits 35 and 36 of the corresponding group to the 
adjacent two data lines, alternatively. 25 

According to the above-mentioned structure, for the 
frame period in which the frame signal Fl is set to be in a 
high level and the frame F2 is set to be in a low level, the 
horizontal start signal STH is output from the shift register 
circuit 63 in the order of Ql, Q2, Q3, . . . , Qm, so as to 
enable the sample-hold operation. As a result, the sample - 
hold circuits 61 and 62 sample-hold the video signals on the 
video buses Vin+ and Vin- in their order. Since the opera- 
tions of the analog switches 37 are the same as those in the 
first embodiment, the pixel signals of the positive polarity 
are supplied to the odd-numbered data lines XI, X3, X5, . . . 
through the amphfying circuits 35, and the voltages of the 
negative polarity are supplied to the even-numbered data 
lines X2, X4, X6, . . . through the amplifying circuits 36. 

For the frame period in which the frame signal Fl is set ^ 
to be in a low level and the frame F2 is set to be in a high 
level, the horizontal start signal STH is output from the shift 
register circuit in the order of Q2, Ql, Q4, Q3, . . . , so as 
to enable the sample -hold operation. As a result, the opera- 
tion order of the sample-hold circuits 61 and 62 correspond- 
ing to the adjacent two data Unes in this frame period is 
opposite to the preceding frame period. Since the operations 
of the analog switches 37 are the same as those in the first 
embodiment, the voltages of the negative polarity are sup- 
plied to the odd-numbered data lines XI, X3, X5, . . . jq 
through the amplifying circuits 35, and the voltages of the 
positive polarity are supplied to the even-numbered data 
lines X2, X4, X6, . . . through the amplifying circuits 36. 

According to the above-mentioned embodiment, the pixel 
signals output from the first amplifying circuits 35 are 55 
always set to have the positive polarity, and the pixel signals 
output from the second amplifying circuits 36 are always set 
to have the negative polarity. Due to this, the dynamic ranges 
of the amplifying circuits 35 and 36 can be determined based 
on the necessary liquid crystal drive voltage without con- gQ 
sidering the reversion of the voltage polarity. As a result, 
electrical power can be prevented from be wastefully con- 
sumed by the amplifying circuits. 

The first modification of the data line driver 2 shown in 
FIG. 4 will be explained with reference to FIG. 5. 65 

In this modification, each analog switch 37 is structured 
to further comprise a switching element 64 connected 
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between the output terminal SI and a reference power line 
Vref, and a switching element 65 connected between the 
output terminal S2 and the reference power line Vref. The 
reference power line Vref is set to be a reference potential 
equal to an intermediate level between the potential of the 
positive power line +V and the potential of the negative 
power line -V In operation, all switching elements 37A to 
37D are opened immediately before the pixel signals of the 
positive and negative polarities are output to the adjacent 
two data lines through the output terminals SI and S2. 
During this time, the switching elements 64 and 65 arc 
closed. The switching elements 64 and 65 discharge electric 
charges stored in the parasitic capacitances of the two data 
lines, and set the data lines to be potentials equal to the 
reference voltage. Thereafter, when the pixel signals of the 
positive and negative polarities are output from the first and 
second amplifying circuits 35 and 36, these data lines are 
charged from the reference potential to potentials corre- 
sponding to the pixel signals. 

According to the above-mentioned structure, the ampli- 
fying circuits 35 and 36 can perform charging of each data 
line with a reduced driving ability. That is, an excellent 
operation reliability can be obtained without making the 
stmcture of amplifying circuits 35 and 36 complicated in 
consideration of the withstanding voltage. Regarding the 
circuit other than the analog switches 37, it can be formed 
in the same structure as the first embodiment or the third 
embodiment. 

The second modification of the data line driver 2 shown 
in FIG. 4 will be explained with reference to FIG. 6. 

In this modification, each analog switch 37 is struct ured 
to further comprise a switching element 70 connected 
between the output terminals SI and S2. Similar to the first 
embodiment, the data fine driver 2 performs the polarity 
reversion of the liquid crystal signal voltage by causing the 
outputs of the first and second amplifying circuits 35 and 36 
to be exchanged. More specifically, all the switching ele- 
ments 37A to 370 are opened immediately before the pixel 
signals of the positive and negative polarities are output to 
the adjacent two data lines through the output terminals SI 
and S2. During this time, the switching element 70 is closed. 
The switching element 70 discharges electric charges stored 
in the parasitic capacitances of the two data lines, and set the 
data lines to be the same, potentials, which are substaalially 
equal to the reference voltage Vref. Thereafter, when the 
pixel signals of the positive and negative polarities are 
output from the first and second amplifying circuits 35 and 
36, these data Unes are charged from the reference potential 
to potentials corresponding to the pixel signals. 

According to the above-mentioned structure, the ampli- 
fying circuits 35 and 36 can perform charging of each data 
line with a reduced driving ability. That is, an excellent 
operation reliability can be obtained without making the 
structure of amplifying circuits 35 and 36 complicated in 
consideration of the withstanding voltage. Moreover, since 
a potential difference can be canceled by the charges moving 
from one of the adjacent data fines to the other, power 
consumption can be reduced. 

The third modification of the data line driver 2 shown in 
FIG. 4 will be explained with reference to FIG. 7. 

In this modification, the switches 35 shown in FIG. 4 are 
eliminated. Instead, each of m sample-hold circuits 61 and 
62 is connected to both video buses Vin+ and Vin-. The 
sample-hold circuit 61 has a P-channel transistor 77 con- 
nected between the video bus Vin+ and the output terminal 
SI, and an N-channel transistor 78 connected between the 
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video bus Vin- and the output terminal SI. The sample-hold 
circuit 62 has a P-channel transistor 79 connected between 
the video bus Vin- and the output terminal S2, and an 
N-channel transistor 80 connected between the video bus 
Vin- and the output terminal S2. In FIG. 7, 81 and 82 denote 5 
parasitic capacitances of the data lines which are respec- 
tively connected to the output terminals SI and S2 and serve 
to hold the voltages of the pixel signals output from the 
output terminals SI and S2. 

The video line Vin+ is driven by a D/A converter 101, and lO 
the video line Vin- is driven by a D/A converter 102. These 
D/A converters 101 and 102 are provided outside the array 
substrate and formed to have the same structure. 

Hie gate of the P-channel transistor 77 is connected to the 
output terminal of an OR gate 73, and the gate of the 
N-channel transistor 78 is connected to the output terminal 
of an AND gate 74. The gate of the P-channel transistor 79 
is connected to the output terminal of a NAND gate 75, and 
the gate of the N-channel transistor 80 is connected to the 
output terminal of a NOR gate 76. 

The OR gate 73, AND gate 74, NAND gate 75, and NOR 
gate 76 are connected to receive a switching signal SW. The 
AND gate 74 is connected to the output terminal of a register 
71, and the NAND gate 75 is connected to the output 
terminal of a register 72. The OR gate 73 is connected to the 
output terminal of the register 72 through an inverter 83, the 
NOR gate 76 is connected to the output terminal of the 
register 72 through an inverter 84. The registers 71 and 72 
are connected in series with each other so as to constitute the 
shift register circuit for sequentially shifting the horizontal 
start signal STH in synchronism with the horizontal clock 
CPH, 

The above-structured data line driver 2 operates as fol- 
lows: 35 

If the switching signal SW is in a low level, the OR gate 
73 is set to a state that the signal is passed therethrough, the 
output of the AND gate 74 is in a low level, the output of the 
NAND gate 75 is in a high level, and the NOR gate 76 is sel 
to a state that the signal is reversed and passed therethrough. 40 
Therefore, the P-channel U"ansistor 77 is set to be in a 
conductive state by the output of the register 71, and the 
N-channel transistor 78 and the P-channel transistor 79 are 
turned off. The N-chaimel transistor 80 is set to be in a 
conductive state by the output of the register 71. As a result, 45 
the video signal Vin+ of the positive polarity is output to the 
output terminal SI based on the output of the register 71. 
The video signal Vin- of the negative polarity is output to 
the output terminal S2 based on the output of the register 72. 

If the switching signal SW is in a high level, the OR gate so 
73 is in a high level, the AND gate 74 is set to a state thai 
the signal is passed therethrough, the output of the NAND 
gate 75 is set to a state that the signal is reversed and passed 
therethrough, and the output of the NOR gate 76 is in a low 
level. Therefore, the P-channel transistor 77 is turned off, 55 
and the N-channel transistor 78 is set to be in a conductive 
state by the output of the register 71. The P-channel tran- 
sistor 79 is set to be in a conductive state by the output of 
the register 72, and the N-channel transistor 80 is turned off. 
As a result, the video signal Vin- of the negative polarity is eo 
output to the output terminal SI based on the output of the 
register 71. The video signal Vin-t- of the positive polarity is 
output to the output terminal S2 based on the output of the 
register 72. 

Accordingly, the video signal Vm+ of the positive polarity 65 
and the video signal Vm- of the negative polarity are 
alternatively output to the output terminals SI and S2 in 



accordance with the change of the switching signal SW. 
Thereby, the liquid crystal pixels are driven by the voUages 
whose polarity is periodically reversed. 

In this case, the respective logic gales 73 to 76, 83, 84, and 
the respective switching elements 77 to 78 may be formed 
of the well-known TFT structure. Moreover, the registers 71 
and 72 may be formed of TFT elements combined to serve 
as a well-known flip-flop circuit. In this case, similar to the 
first embodiment, the manufacturing cost of the hquid 
crystal display can be reduced by commonly forming these 
transistor elements together with the thin film transistors for 
the pixel electrodes, in the same step. 

FIG. 8 shows the D/A converters 101 and 102 along with 
their peripheral circuits, in detail. The D/A converters 101 
and 102 are of a voltage selection type. Specifically, each of 
the D/A converters 101 and 102 are connected to commonly 
receive pixel data DATA output from an external hquid 
crystal controller 104, and has a set of analog switches SWl 
to SWn to be switched on the basis of the pixel data. The 
analog switches SWl to SWn combines voltages generated 
from Y correction circuit 103 and supplied through analog 
signal lines 110 to output an analog pixel signal of a voltage 
level corresponding to pixel data DATA to the video bus 
Vin+ or Vin-. 

As shown in FIG. 8, the D/A converter 101 is formed to 
operate under a voltage between the power lines which are 
respectively set to 3 V and 4 V. The D/A converter 102 is 
formed to operate under a voltage between the power lines 
which are respectively set to 1 V and 2 V. In this case, the 
threshold voltage of the analog switches SWl to SWn of the 
D/A converter 101 differs from those of the D/A converter 
102. Therefore, capacitors Cq are inserted between the 
liquid crystal controller 104 and the D/A converter 101 to 
attain capacitive couplings therebetween. Then, a bias volt- 
age is applied to one end of each of capacitors Cq. The bias 
voltage is regulated such that the voltage level of input pixel 
data matches the threshold level of the analog switches SWl 
to SWn. Therefore, the D/A converters 101 and 102 of the 
same structure can operate under different operation volt- 
ages. In this niodificaliou, ihi; bias voltage is applied tu the 
capacitors Cq. However, dummy data for charging the 
capacitors Cq may be input toward the capacitors Cq before 
inputting pixel data. Thereby, the voltage level of data can 
be adjusted without applying a special bias voltage. 

Moreover, the y correction circuit 103 comprises resisters 
R1+ to Rn+ and Rl- to Rn- connected in series. Since an 
optical response of the liquid crystal material slightly differs 
depending on the positive and negative voltages, 7 correc- 
tion must be made in each of the drive voltage of the positive 
polarity and the drive voltage of the negative polarity. Due 
to this, a potential terminal VM which is connected to a 
central point between the series circuit of resistors R1+ to Rn 
for the 7 correction to the voltage of the positive polarity and 
the series circuit of resistors Rl- to Rn- for the 7 correction 
to the voltage of the negative polarity, and the potential of 
the potential terminal is controlled, so as to determine the 
voltages across the circuit of the resistors R1+ to Rn4 and 
the circuit of the resistors Rl- to Rn-. 

The fourth modification of the data line driver 2 shown in 
FIG. 7 and serving as a color display will be explained with 
reference to FIG. 9. 

In this modification, analog pixel signals of Rl (Red), 01 
(Green), Bl (Blue), R2 (Red), G2 (Green), B2 (Blue), ... are 
sequentially output to data lines XI, X2, X3, X4, X5, X6, . . . 
P-channel TFTs 77 and 79 for driving the data fines XI, X2, 
X5, X6 are connected commonly to an output video line VI + 
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of the D/A converter 101. N-channel TFTs 78 and 80 for 
driving the data lines XI, X2, XS, X6 are connected com- 
monly to an output video line VI- of the D/A converter 102. 
P-channel TFTs 77 and 79 for driving the data lines X3, X4 
are connected commonly to an output video line V2+ of the 
D/A converter 101. N-channel TFTs 78 and 80 for driving 
the data lines X3, X4 are connected commonly to an output 
video line V2- of the D/A converter 102. The gates of the 
P-channels 77 and 79 and N-channel TFTs for driving the 
data hnes XI to X4 are connected to the common register 71 
through logic circuits 73 to 76. Regarding the data line 7 and 
the following data lines, they are arranged such that the 
above-mentioned structure is periodically repeated, and each 
group of TFTs for driving four data lines commonly receives 
an output signal from the corresponding register. 

Ihc operation of the data line driver 2 will be explained. 
For example, in the case of data lines XI, X2, similar to the 
modification shown in FIG. 6, an enable signal is input to the 
P-channel TFT 77 for driving the data line XI and the 
N-channel TFT 80 for driving the data line X2 at common 
timing by the logic gates 73 and 76. Therefore, the signal 
voltage on the video Hne V1+ is supplied to the data line XI 
through the P-channel TFT 77. At the same time, the signal 
voltage on the video hne VI- is supplied to the data line X2 
through the P-channel TFT 80. Moreover, an enable signal 
is input to the P-channel TFT 77 for driving the data line X3 
and the N-channel TFT 80 for driving the data line X2 at 
common timing. Therefore, the signal voltage on the video 
line V2+ is supplied to the data line X3 through the 
P-channel TFT 77. At the same time, the signal voltage on 
the video line V2- is supplied to the data line X4 through the 
P-channel TFT 80. 

FIG. 10 shows pixel data streams to be supplied to (he two 
D/A converters 101 and 102 from the liquid crystal control- 
ler shown in FIG. 9. 

For an i-th frame period, the data stream of pixel data Rl 
for data hne XI, pixel data G2 for data line; X5, ... is input 
to the D/A converter 101 to drive the video line VI -t-. The 
data stream of pixel data Gl, B2, . . . is input to the D/A 
converter 102 to drive the video line VI- , TTie data stream 
of pixel data Bl, R3, ... is input to the D/A converter 101 
to drive the video line V2+. Moreover, the data stream of 
pixel data R2, G3, ... is input to the D/A converter 102 to 
drive the video line V2-. The D/A converter 101 converts 
each of pixel data Rl, G2, ... to an analog pixel signal of 
the positive polarity to be supplied to the video line VI +, and 
also converts each of pixel data Bl, R3, ... to an analog 
pixel signal of the positive polarity to be supplied to the 
video line V2+. On the other hand, the D/A converter 102 
converts each of pixel data Gl, B2, ... to an analog pixel 
signal of the negative polarity to be supplied to they video 
line V1-, and also converts each of pixel data R2, G3, . . . 
to an analog pixel signal of the negative polarity to be 
supplied to the video line V2-. 

For a next {i-i-l)-th frame period, the data stream of pixel 
data Gl for data line X2, pixel data B2 for data line X6, . . . 
is input to the D/A converter 101 to drive the video line V1+. 
The data stream of pixel data Rl, G2, . . . is input to the D/A 
converter 102 to drive the video line V1-. The data stream 
of pixel data R2, G3, . . . is input to the D/A converter 101 
to drive the video line V2+. Moreover, the data stream of 
pixel data Bl, R3, . . . is input to the D/A converter 102 to 
drive the video line V2-. The D/A converter 101 converts 
each of pixel data Gl, B2, ... to an analog pixel signal of 
the positive polarity to be supplied to the video line VI +, and 
also converts each of pixel data R2, G3 ... to an analog pixel 
signal of the positive polarity to be supplied to the video line 
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V2+. On the other hand, the D/A converter 102 converts 
each of pixel data Rl, G2, ... to an analog pixel signal of 
the negative polarity to be supplied to the video line V1-, 
and also converts each of pixel data Bl, R3 ... to an analog 
pixel signal of the negative polarity to be supplied to the 
video line V2-. 

According to the above modification, the video line Vin+ 
for transmitting the voltage of the analog pixel signal of the 
positive polarity and the video line Vin- for transmitting the 
voltage of the analog pixel signal of the negative polarity is 
separated from each other. As a result, electrical power 
consumed by the parasitic capacitances of the video lines 
Vin+ and Vin- can be reduced. Also, the video signal band 
width can be expanded. Moreover, the pixel signals of 
different colors such as R (Red), G (Green) can be trans- 
milled through a common video hne. Therefore, the number 
of the video lines can be decreased to reduce the circuitry 
size. 

I claim: 

1. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 
a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said hquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a signal distribution controller for causing digital pixel 
signals serially supplied for the liquid crystal pixels 
of the selected row to be output in parallel, 
a plurality of D/A converters arranged to correspond to 
said signal lines, for converting digital pixel signals 
output in parallel from said signal distribution con- 
troller into analog pixel signals, 
an amplifying section for amplifying the pixel signals 

obtained from the D/A converters, and 
a switch section for outputting the pixel signals 
obtained from the amplifying section to the signal 
lines; 

said amplifying section includes groups of first and sec- 
ond amplifying circuits for amplifying the pixel signals 
obtained from adjacent two of said D/A converters in 
different polarities; 

said first amplifying circuit is connected to a first power 
source to amplify the pixel signal in a positive polarity; 

said second amplifying circuit is connected to a second 
power source to amplify the pixel signal in a negative 
polarity; 

said switch section includes a plurality of switch circuits 
each for periodically exchanging adjacent two of said 
signal hnes which receive the pixel signals obtained 
from said first and second amplifying circuits of a 
corresponding group; 

each switch circuit includes a first switching element 
connected between said first amplifying circuit and one 
of said adjacent two signal fines, a second switching 
element connected between said first amplifying circuit 
and the other one of said adjacent two signal fines, a 
third switching element connected between said second 
amplifying circuit and the one of said adjacent two 
signal lines, and a fourth switching element connected 
between said second amplifying circuit and the other 
one of said adjacent two signal lines; 
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a pair of first and fourth switching elements and a pair of 
said second and third switching elements are controlled 
to alternately turn on in predetermined cycles by a 
control signal supplied externally; 

said first and second switching elements are constituted 5 
by transistors of a first conductivity type; and 

said third and fourth switching elements are constituted 
by transistors of a second conductivity type. 

2. A liquid crystal display according to claim 1, wherein 
said signal distribution controller includes signal order 
reversing means for reversing the order of every two 
serially-supplied digital pixel signals to cope with the 
exchange operations of said switch circuits. 

3. A liquid crystal display according to claim 1, wherein 
components of said signal line driver are formed together 55 
with said driving transistors on an array substrate. 

4. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 20 
a plurality of driving transistors assigned to said liquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the hquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 25 
said signal line driver includes: 
a signal distribution controller for causing digital pixel 

signals serially supplied for the liquid crystal pixels 

of the selected row to be output in parallel, 
a plurality of D/A converters arranged to correspond to ^0 

said signal lines, for converting digital pixel signals 

output in parallel from said signal distribution 

controller, into analog pixel signals, 
an amplifying section for amplifying the pixel signals 

obtained from the D/A converter; and 
a switch section for outputting the pixel signals 

obtained from the amplifying section to the signal 

lines; 

said amplifying section includes groups of first and sec- 
ond amplifying circuits for amplifying the pixel signals ^ 
obtained from adjacent two of said D/A converters in 
different polarities; 

said first amplifying circuit is connected to a first power 
source to amphfy the pixel signal in a positive polarity; 

said second amplifying circuit is connected to a second 
power source to amplify the pixel signal in a negative 
polarity; 

said switch section includes a plurality of switch circuits 
each for periodically exchanging adjacent two of said 
signal lines which receive the pixel signals obtained 
from said first and second amplifying circuits of a 
corresponding group; and 

said signal distribution controller includes a plurality of 
latch circuits arranged to correspond to said D/A 55 
converters, each for latching a conesponding one of the 
serially-supplied digital pixel signals, and a shift reg- 
ister circuit for sequentially enabling said latch circuits; 
and 

said shift register circuit includes latch order reversing 
means for reversing the latch order of every two latch 
circuits 10 cope with the operations of said switch 
circuits. 

5. A liquid crystal display comprising: 

a matrix array of liquid crystal pixels; 55 
a plurality of signal lines formed along columns of the 
liquid crystal pixels; 
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a plurality of driving transistors assigned to said liquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the liquid crystal pixel of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a signal distribution controller for causing digital pixel 

signals serially supphed for the liquid crystal pixels 

of the selected row to be output in parallel, 
a plurality of D/A converters arranged to correspond to 

said signal lines, for converting digital pixel signals 

output in parallel from said signal distribution 

controller, into analog pixel signals, 
an amplifying section for amplifying the pixel signals 

obtained from the D/A converters, and 
a switch section for outputting the pixel signals 

obtained from the amplifying section to the signal 

lines; 

said amplifying section includes groups of first and sec- 
ond amplifying circuits for amplifying the pixel signals 
obtained from adjacent two of said D/A converters in 
different polarities; 

said first amplifying circuit is connected to a first power 
sources to amplify the pixel signal in a positive polar- 
ity; 

said second amplifying circuit is connected to a second 
power source to amplify the pixel signal in a negative 
polarity; 

said switch section includes a plurality of switch circuits 
each for periodically exchanging adjacent two of said 
signal lines which receive the pixel signals obtained 
from said first and second amplifying circuits of a 
corresponding group; and 

each switch circuit includes a canceling section for can- 
ceUng a difference between the potentials of said adja- 
cent two signal lines prior to outputting the pixel 
signals from said first and second amplifying circuits. 

6. A liquid crystal display according to claim 5, wherein 
said canceling section includes a pair of switching elements 
each connected between a corresponding one of the adjacent 
two signal lines and a reference potential terminal set to an 
intermediate level for potential reversion. 

7. A liquid crystal display according to claim 5, wherein 
said canceling section includes a switching element con- 
nected between said adjacent two signal lines. 

8. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the fiquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 
a second video bus for transmitting analog pixel signal 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even columns in the 
selected row, 

a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signals transmitted 
through said first and second video buses, and 



10/07/2002, EAST Version: 1.03.0002 



6,049,321 



17 



18 



a timing control circuit for sequentially enabling the 

operations of said sample-hold unit; 
each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be 
respectively connected to one of the adjacent two 5 
signal lines and the other one of the adjacent two 
signal lines, and a second swilch circuit for causing 
the first and second video buses to be respectively 
connected to the other one of the adjacent two signal 
lines and the one of the adjacent two signal lines; lO 
said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample-hold unit; 
each sample -hold unit includes first and second switching 
elements serving as said first switch circuit, and third 
and fourth switching elements serving as said second 
switch circuit, said first switching element being con- 
nected between said first video bus and one of said 
adjacent two signal lines, said second switching ele- 
ment being connected between said second video bus 
and the other one of said adjacent two signal hnes, said 
third switching element being connected between said 
first video bus and one of said adjacent two signal lines, 
and said fourth switching element being connected 
between said second video bus and the other one of said 
adjacent two signal lines; 
said first and third switching elements are constituted by 
transistors of a firsl conductivity type, and said second 
and fourlh switching elements are constituted by tran- 
sistors of a second conductivity type. 

9. A liquid crystal display according to claim 8, wherein 
said liquid crystal pixels arc arranged in a predetermined 
color order, said firsl and second video buses transmit color 
pixel signals set to have an order corresponding to the color 
order of the liquid crystal pixels in a selected row as the 
analog pixel signals of a positive polarity and the analog 
pixel signals of a negative polarity. 

10. A liquid crystal display according to claim 8, wherein 
said signal line driver fiirther includes a first D/A converter 
for converting digital pixel signal into the analog pixel 
signals of a positive polarity to drive said first video bus, and 
a second D/A converter for converting the digital pixel 
signals into the analog pixel signals of a negative polarity to 
drive said second video bus. 

11. A liquid crystal display according to claim 10, wherein 
said first and second D/A converters have the same structure 
except that the first and second D/A converters are con- 
nected to different power sources to obtain the analog pixel 
signals of the positive and negative polarities. 

12. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 55 
crystal pixels, for causing said signal lines to be con- 
nected electrically to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: eo 
a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 
a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 65 
the other one of the odd and even columns in the 
selected row, 
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a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signal transmitted 
through said first and second video buses, and 
a liming control circuit for sequentially enabling the 
operations of said sample-hold units; 
each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be respec- 
tively connected to one of the adjacent two signal lines 
and the other one of the adjacent two signal lines, and 
a second switch circuit for causing the first and second 
video buses to be respectively connected to the other 
one of the adjacent two signal lines and the one of the 
adjacent two signal lines; 
said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample-hold unit; 
said signal line driver further include a first D/A converter 
for converting digital pixel signals into the analog pixel 
signals of a positive polarity to drive said first video 
bus, and a second D/A converter for converting the 
digital pixel signals into the analog pixel signals of a 
negative polarity to drive said second video bus; 
said first and second D/A converters have the same 
structure except that the first and second D/A convert- 
ers are connected to different power sources to obtain 
the analog pixel signals of the positive and negative 
polarides; and 

one of said first and second D/A converters is formed to 
receive the digital pixel signals through capacitive 
means. 

13. A liquid crystal display comprising: 

a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 
liquid crystal pixels; 

a plurality of driving transistors assigned to said hquid 
crystal pixels for causing said signal lines to be elec- 
trically connected to the liquid crystal pixek of a 
selected row; and 

a signal line driver for driving said signal lines, wherein 

said signal line driver includes: 

a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 

a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even columns in the 
selected row, 

a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signals transmitted 
through said first and second video buses, and 

a timing control circuit for .sequentially enabling the 
operations of said sample -hold units; 

each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be 
respectively connected to one of the adjacent two 
signal lines and the other one of the adjacent two 
signal lines and a second switch circuit for causing 
the first and second video buses to be respectively 
connected to the other one of the adjacent two signal 
lines and the one of the adjacent two signal lines; 
said liming control circuit includes changing means for 

periodically switching between the first and second 

swilch circuits of each sample- hold unit; 
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said signal line driver further includes a first D/A con- 
verter for converting digital pixel signals into the 
analog pixel signals of a positive polarity to drive said 
first video bus, and a second D/A converter for con- 
verting the digital pixel signals into the analog pixel 5 
signals of a negative polarity to drive said second video 
bus; and 

said signal line driver includes first y correcting means for 
correcting a y characteristic of said first D/A converter 
and second y correcting means for correcting & y 
characteristic of said second D/A converter 

14, A liquid crystal display comprising: 
a matrix array of liquid crystal pixels, 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 

crystal pixels for causing said signal lines to electrically 

connected to the liquid crystal pixels of a selected row; 

and 20 
a signal line driver for driving said signal lines, wherein 

said signal line driver includes: 

a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 25 

a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even columns in the 
selected row, 

a plurality of sample -ho Id units each assigned to cor- 30 
responding adjacent two of said signal lines to simul- 
taneously sample -hold the pixel signals transmitted 
through said first and second video buses, and 
a timing control circuit for sequentially enabUng the 
operations of said sample-hold units; 35 

each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be respec- 
tively connected to one of the adjacent two signal lines 
and the other one of the adjacent two signal lines, and 
a second switch circuit for causing the first and second ^ 
video buses to be respectively connected to the other 
one of the adjacent two signal lines and the one of the 
adjacent two signal lines; 

said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample-hold unit; and 

said sample-hold unit includes a canceling section for 
canceling a difference between the potentials of said 
adjacent two signal lines prior to outputting of the pixel 
signals. 

15. A liquid crystal display according to claim 14, wherein 
said canceling section includes a pair of switching elements 
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each connected between a corresponding one of the adjacent 
two signal lines and a reference potential terminal set to an 
intermediate level for potential reversion. 

16. A liquid crystal display according to claim 14, wherein 
said canceling section includes a switching element con- 
nected between said adjacent two signal lines. 

17. A liquid crystal display comprising; 
a matrix array of liquid crystal pixels; 
a plurality of signal lines formed along columns of the 

liquid crystal pixels; 

a plurality of driving transistors assigned to said hquid 
crystal pixels for causing .said signal lines to be elec- 
trically connected to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 
a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even columns in the 
selected row, 

a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample -hold the pixel signals transmitted 
through said first and second video buses, and 
a timing control circuit for sequentially enabling the 
operations of said sample-hold units; 
each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be respec- 
tively connected to one of the adjacent two signal lines 
and the other one of the adjacent two signal lines, and 
a second switch circuit for causing the first and second 
video buses to be respectively connected to the other 
one of the adjacent two signal hues and the one of the 
adjacent two signal lines; 
said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample-hold unit; 
a preset number of bus groups each constituted by said 

first and second video buses are provided; 
said sample-hold units are divided into blocks each con- 
stituted by the preset number of adjacent sample- hold 
units for sample-holding the pixel signals transmitted 
by the first and second video buses of different bus 
groups; and 

said timing control circuit is arranged to sequentially 
enable the operations of said blocks. 

***** 
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